Obesity is one of the greatest public health challenges of the 21st century. Overweight and obesity drastically increase a person's risk of developing chronic non-communicable diseases (NCDs), including cardiovascular disease, cancer and diabetes. Furthermore, obesity is already responsible for 2% -8% of health costs and 10% -13% of deaths in several industrialized countries. Lifestyle modifications involving changes in exercise, diet and psychological support are effective in reducing the incidence of overweight. Moreover, positive effects of physical activity (PA) for weight loss and prevention of weight regain are well documented. It was recognized that health benefits regarding both psychological and physiological aspects, such as improving cardiorespiratory and muscular fitness and/or decreasing depression symptoms, can be obtained from numerous activities. Public health institutions (American College of Sports Medicine, World Health Organization) provide recommendations for PA (volume, frequency, intensity and type of exercise) to achieve positive effects, at all ages and for many diseases and disorders situations. Although exercise under guidelines can be safely performed by obese subjects, several questions still need to be fully answered. In facts, the exercise program should be tailored according to an individual's habitual physical activity, physical function, health status, exercise responses, and stated goals. Thus, this review analyzes the intensity of PA parameters. In the last years, research has been focused on the individualization of the right intensity in which different types of subjects' condition must undergo to achieve the health goals. Aerobic exercise has been commonly used to reach weight loss goal. Prescription of aerobic exercise in clinical practice is frequently based on the percentage of maximum heart rate (%HR max ), heart rate reserve (%HR reserve ), rating of perceived exertion (RPE), maximal oxygen consumption (%VO 2max ) and for unhealthy subjects, peak oxygen consumption (%VO 2peak ). It has been shown that unhealthy subjects, such as individuals affected by diabetes, obesity and cardiovascular diseases have a reduced maximal aerobic exercise capacity. For instance, using the formula based on percentage of HR max or VO 2max , it could be prescribed heavy exercises, which would result not appropriated and fully functional for the specific individual goal. To avoid this problem, another approach to individualize aerobic exercise could be to consider the gas exchange parameters such us aerobic gas exchange threshold (AerT GE ). AerT GE corresponds to the first increase in blood lactate during incremental exercise. This review offers an overview of the different methods to assess exercise intensity, considering the different subjects health characteristics, in order to choose the right methods to achieve the health goals in obese and overweight subjects.
INTRODUCTION
In the last century, chronic diseases, also known as non-communicable diseases (NCDs), have become the most serious public health problem in terms of morbidity, mortality and economic costs [1] . NCDs are diseases of long duration and generally slow progression. Cancer, cardiovascular diseases (CVD), chronic respiratory diseases and diabetes are by far leading causes of mortality, representing 63% of all deaths [1] . Overweight and obesity conditions are recognized risk factors for premature mortality and chronic health conditions such as type 2 diabetes, coronary heart diseases and hypertension. According to the World Health Organization, at least 2.8 million adults die each year as a result of being overweight or obese. In addition, 44% of the diabetes burden, 23% of the ischemic heart disease burden and between 7% and 41% of certain cancers are attributable to overweight and obesity. The prevalence of overweight and obesity has increased to epidemic proportions in the industrialized world and is now dramatically on the rise in low-and middle-income countries, particularly in urban settings [2] . Overweight and obesity are commonly defined as abnormal or excessive fat accumulation that presents a risk to health. These conditions are usually assessed in clinical setting using the body mass index (BMI), a person's weight (in kilograms) divided by the square of his or her height (in metres) (BMI = weight [kg] × height [m ]). A person with a BMI between 25 and 29.9 is considered overweight, while a person with a BMI over 30 higher is generally considered obese. However, criticisms for the use of the BMI for a correct characterization of body composition assessment are increasing due to inaccurate evaluation of either fat or muscle mass in some individuals such as resistance athletes or sarcopenic subjects.
Regular physical activity (PA) provides a multitude of health benefits and it is considered an essential component of primary and secondary prevention for most of the NCDs [3, 4] . Studies showed that subjects who increased their level of PA over time have a decreased risk of mortality compared to those who were consistently unfit [5] [6] [7] . Despite these positive effects, physical inactivity remains an international health problem and its negative effects on health were well documented [8] as well as the negative economic consequences [9, 10] . Although charges associated with these risk factors were highest for the oldest subjects (aged 65 years and older) and for individuals with chronic conditions, nearly half of aggregate charges were generated from the group aged 40 to 64 years without chronic diseases [9] .
Due to the well known positive effects of PA on health, several public organizations, such as American College of Sports Medicine, World Health Organization, Center for Disease Control and Prevention (CDC), the American Heart Association (AHA), have established PA guidelines. In May 2004, the 57th World Health Assembly (WHA) endorsed the World Health Organization (WHO) Global Strategy on Diet, Physical Activity and Health [11] .
The overall goal of the Global Strategy on Diet, Physical Activity and Health is to promote and protect health by facilitating the development of an environment allowing to act at individual, community, national and global levels, which, when taken together, will lead to a decrease in morbidity and mortality rates related to unhealthy diet and PA [11] . The PA recommendations for weight loss and prevention of weight gain included in these guidelines are detailed such that individuals have the possibility to choose different exercise intensities, durations, frequencies, or combinations of those. This review focuses on the different methods to assess the exercise intensity in overweight and obese subjects. This paper could be useful for professional figures working to achieve and maintain fitness: physicians, health practitioners, kinesiologists, and exercise physiologists to update the knowledge of the different approaches for prescribing exercise intensity for obese and overweight subjects.
Defining Physical Activity and Physical Fitness
PA is defined as any bodily movement produced by skeletal muscles that require a significant increase of energy expenditure as compared to a resting phase [12] . We can consider leisure-time, exercise, sport, occupational work and transportation as all forms of PA. Exercise is a type of PA that is usually performed repeatedly over an extended period of time with the aim to improve fitness, physical performance or health. On the other end, Physical Fitness (PF) is defined by WHO as the ability to perform muscular work satisfactorily. Health-related fitness components are morphological, cardiorespiratory, muscular, motor and metabolic components. Commonly PF refers to aerobic endurance capacity as measured by maximal oxygen uptake (VO 2max ) or peak oxygen uptake (VO 2peak ). VO 2max/peak is strongly associated with physical efficiency and health. Studies have demonstrated that high level of endurance capacity results in a decrease of CVD [13, 14] . In fact, longitudinal studies show that higher levels of cardiorespiratory fitness (VO 2max ) are associated with a lower mortality rate [15] . the aerobic capacity of these subjects has been shown to be low, and in some instances, critically low [16] [17] [18] [19] [20] . De Souza et al. [21] reported that aerobic capacity of severe obese subjects (44 ≤ BMI ≤ 54.8) ranging from 16.1 to 34.7 ml·min
. Furthermore, Belli et al. [22] indicated that obese subjects affected by type 2 diabetes have a low aerobic capacity (VO 2max = 22 ml·min
). The poor aerobic capacity should be taken into consideration when determining exercise intensity in deconditioned subjects. Several recent published results showed that a moderate aerobic exercise program could improve cardiorespiratory condition in obese subjects [16, [21] [22] [23] [24] [25] [26] [27] [28] [29] . For instance, Millen et al. [30] showed that peak oxygen consumption increased from 27.0 ± 5.1 to 28.8 ± 5.8 ml·min
−1 in overweight and obese subjects upon a 6 week of aerobic exercise training (≥3 days/week). The correlation between obesity and CVD is due to the potential presence of several risk factors in obese individuals such as hypertension, type 2 diabetes, and dyslipidemia [31] . Interestingly, it is important to make clear that the health benefits of weight reduction can be obtained with PA even without the achievement of individual optimal body weight. In fact, already two decades ago, some studies demonstrated that reductions of 5% to 10% in body weight could be already associated with health benefits for the improvement of risk factors, such as decreased blood pressure [32, 33] . Among the parameters to be considered in the exercise program for unhealthy population, intensity has received special attention.
Importance of Physical Activity in Treatment of Obesity
Early data of the literature suggested that the PA associated to caloric restriction resulted in the best treatment of obesity [34] [35] [36] [37] . The studies showed that when the prescribed exercise program resulted in a significant negative energy balance, a more substantial weight loss was obtained [37] [38] [39] . Additionally, Ross et al. [38] showed that weight loss is positively associated with the volume of performed PA. The effects of exercise are maintained even when the exercise ends. In fact, the excess post exercise oxygen consumption results in a prolonged post exercise increase in caloric consumption. Moreover, fat-free mass is better maintained in individuals who performed weight training as part of their exercise program [40] and, therefore, exercise prescription should include aerobic and muscular fitness training. Exercise length is usually extended to increase caloric consumption and, upon that duration, is inversely correlated with the intensity and, thus, aerobic exercise (moderate intensity) is preferred to anaerobic exercise (high intensity). Lafortuna et al. [41] showed that although low and high intensity exercise groups obtain equal body weight loss, the higher intensity exercise program showed a better generalized improvement in muscle performance and physical fitness. Moreover, it has been shown that exercising in multiple bouts throughout the day can be as effective for weight loss as exercising for a single longer continuous bout [42, 43] . Thus, the fitness professionals should individualize the intensity and the type of exercise upon the goals and overall health of the subjects.
The public health organizations guidelines indicate a moderate intensity exercise (aerobic) for overweight and obese subjects to be performed most of the day of the week [11, 42] . More recent studies have drawn attention to the effects of moderate and vigorous intermittent exercise on weight loss [44, 45] .
ACSM Position Stand [34] emphasizes the importance to perform moderate intensity PA, between 150 and 250 min·wk −1 , to significantly prevent weight gain. On the other hand, this moderate PA provides only modest weight loss, while greater amounts of PA (≥250 min·wk ) has been shown to improve weight loss when associated to moderate caloric restriction but not severe caloric restriction.
Cross-sectional and prospective studies indicate that after appropriate weight loss, weight maintenance is improved by a regular PA ≥ 250 min·wk . World Health Organization [11] recommends to perform PA which would include leisure time PA to improve cardiorespiratory and muscular fitness, bone health and reduce the risk of NCDs and depression. Additionally, WHO suggests for adults, aged 18 -64, to perform at least 150 minutes of moderate-intensity aerobic PA throughout the week or to perform at least 75 minutes of vigorous-intensity aerobic PA throughout the week or an equivalent combination of moderate and vigorous intensity activity. Generally, the exercise intensity suggested by public health recommendations is moderate. Fitness professionals should be aware about the terms "moderate" and "vigorous" when they are working with overweight and obese individuals. In fact, these subjects have low cardiorespiratory fitness, which is expressed by reduced oxygen uptake (VO 2 ), decreased daily activity and low exercise tolerance.
EXERCISE INTENSITY PRESCRIPTION
PA could be reached performing exercise with low intensity (aerobic metabolism) and long duration or exercise with high intensity (anaerobic metabolism) and short duration. Exercise intensity for overweight and obese subjects could be evaluated in different manner [46, 47] . Commonly, exercise intensity is based on a measured, or estimated, maximal/peak oxygen uptake (VO 2max/peak ) or maximum heart rate (%HR max ) [42, 43, 48] . At present, American College of Sports Medicine suggests to use three variables as a manner to monitor the intensity: VO 2max , HR and rate of perceived exertion (RPE). Moreover during the last years gas exchange parameters, such as aerobic gas exchange threshold (AerT GE ), have been used more frequently. All these parameters could be used alone, or in combination, to monitor exercise intensity [16, [21] [22] [23] [24] [25] [26] [27] [28] [29] 49] . Parameters based on %VO 2max or %HR max should be used with prudence to prescribe exercise, due to the lower cardiorespiratory fitness of overweight and obese subjects [50] .
It is well known that exercising at a given absolute terms can elicit specific physiological responses for different individuals [48] . In fact, no adjustment is usually made for each person's exercise capacity. Moreover, the use of relative terms, such as %VO 2max has been substantially criticized [51, 52] , since it seems that the relative parameters alone without considering the aerobic gas exchange threshold (AerT GE ) is not sufficient.
For these reasons, during the last years, aerobic gas exchange threshold (AerT GE ) has become more frequent to prescribe exercise intensity in un-healthy population [16, 22, [53] [54] [55] [56] [57] [58] [59] [60] . The aerobic gas exchange threshold could be a valid tool to delineate the "training zone" for endurance training [60] and for un-healthy subjects [22] .
In the next paragraphs, the difference between these parameters is discussed. As previously reported by Meyer et al. [60] , in order to make clear the matter, we use different terms: aerobic gas exchange thresholds AerT GE to identify the points sometimes called "ventilatory threshold", "ventilatory threshold 1", anaerobic threshold [61] ; and anaerobic gas exchange threshold AnaT GE to identify the point also called "respiratory compensation point" or "ventilatory threshold 2".
Exercise Prescription Using Oxygen Uptake data
Percentage of maximal oxygen uptake (%VO 2max ), peak oxygen uptake (%VO 2peak ) or oxygen uptake reserve (VO 2R ) could be used as exercise intensity prescription [34, 42, 62] . VO 2R is the difference between VO 2max and resting VO 2 . When we use these variables to assess exercise intensity we should be aware that the relationship between the exercise intensity determined by the %VO 2R and the %VO 2peak mean regression seems to be influenced by the degree of obesity [48] .
Exercise Prescription Using Metabolic Equivalents
The energy expenditure during PA depends on the intensity, type and duration of activity. The method to assess the energy expenditure used worldwide is the metabolic equivalent unit (MET), which is defined as the ratio of work metabolic rate to a standard resting metabolic rate of 1.0 cal·kg
. 1 MET is the resting metabolic rate obtained during rest and is equivalent to an oxygen uptake (O 2 ) of 3.5 ml·kg
. Compendium of Physical Activities has been developed to facilitate comparison of coded PA intensity levels across observational studies [63, 64] . Activity are listed in the Compendium as multiples of the resting MET level and range from 0.9 (sleeping) to 18 METs (running at 17.5 km·h
−1
). According to the compendium, exercise intensity is classified as lightintensity (1.6 -2.9 METs), moderate-intensity (3 -5.9 METs), and vigorous-intensity (≥6 METs) activities [63, 64] . Considering that overweight and obese subjects have low cardiorespiratory fitness, individual exercise effort is not correlated with the MET value. For instance, De Souza showed that maximal exercise capacity of obese subjects ranging from 4.6 and 10 METs. Therefore, using 3 -5.9 METs to prescribe moderate exercise intensity is not appropriated for this population.
Exercise Prescription Using Heart Rate
Percentage of maximum heart rate (%HR max ), or heart rate reserve (HRR) could be used as a manner to monitor exercise intensity. While we are using HR data to monitor exercise intensity we must consider that:  The linear relationship between HR and VO 2 depends on the mode of exercise.  The equations to estimate maximal HR [65, 66] have large standard deviations. Using these formulas, we could underestimate or overestimate the true level of physical stress imposed during exercise.  HR could be influenced by a lot of physiological parameters, climate and environment conditions [67, 68] . Therefore, caution should be taken when using equations to estimate maximal HR [65, 66] and when we use HR in order to prescribe exercise intensity. logical parameters such as HR and VO 2, are associated with more intense perceptions of exertion [69] . The scale is valid in that it generally evidences a linear relation with both heart rate and oxygen uptake during exercise [70, 71] . The use of RPE could be important in two situations: if the heart-rate measurement is for any reason difficult or if the individual is on medication(s) which could alter normal heart rate response to physical stress. When fitness trainer uses this scale to assess exercise intensity it should be consider that:  perceived exertion is a method to determine the intensity of effort, strain, and/or discomfort felt during exercise;  the range of sensations must correspond to the scale;  either the RPE should be made specific to the overall body perception or the perception derived from a certain anatomical region of the body such as chest, arms and/or legs;  careful explanation of the scale is necessary before using so that individual is able to understand the meaning of the descriptors.
Exercise Prescription Using Gas Exchange Parameter
Submaximal parameters such as lactate or gas exchange thresholds are better markers of the relative stress induced by exercise [53, 60] . However, the use of the two submaximal gas exchange thresholds (aerobic, AerT GE and anaerobic, AnT GE ) for exercise intensity prescription, have loss attention although their noninvasive nature make them an attractive tool [60] . Gas exchange thresholds allow to prescribe the exercise intensity based on the real subject's capacity to perform physical exercise. Considering that obese population has low cardiorespiratory fitness, it can be very important to use thresholds concept when exercise intensity has to be chosen. For overweight and obese subjects, the use of lactate parameters requires the continuously monitoring of plasma lactate levels that is not an easy practice to use for this population. On the contrary, gas exchanges parameters require only gas exchange analysis and it could be easier to apply for intensity exercise prescription. For all these reasons, we focused on gas exchange parameters and not on lactate thresholds. These methods to assess exercise intensity have been already used for subjects affected by various chronic diseases associated with abnormally low peak oxygen uptake (%VO 2peak ) such as subjects with chronic heart failure [72, 73] and obesity [59] .
Aerobic Gas Exchange Threshold (AerT GE ).
The aerobic threshold marks the upper limit of an almost exclusively aerobic metabolism that permits exercise lasting for hours at a lactate level of approximately 2 mmol·l -1 [74] . This point is associated with optimal ventilatory efficiency [75, 76] . The AerT GE corresponds to the anaerobic threshold described by Wasserman et al. [61] .
The AerT GE is defined as the maximum exercise intensity fully supported by aerobic metabolism, representing in general a mild to moderate exercise intensity [77, 78] . This landmark occurs at the time of the first rise in blood lactate concentration that leads to an increase of carbon dioxide output (CO 2 ) and a non linear increase of ventilation (V E ) occurs as a results.
Generally there are different procedures to determine the AerT GE :  V-slope method [79] : this method is based on the relationship between VO 2 and VCO 2 . Before the ventilatory threshold is reached, VO 2 and VCO 2 tend to rise at roughly the same rate and a best-fit line through these points will have a slope close to 1.
Once the ventilatory threshold is reached and a metabolic acidosis develops, VCO 2 rises at a faster rate than VO 2 and a best fit line through the points will now have a slope greater than 1. The point at which the two best-fit lines intersect is the AerT GE .  The first rise in the ventilatory equivalent for O 2 (VE/VO 2 ) without a concomitant rise in the ventilatory equivalent for CO 2 (VE/VCO 2 ) [60] .  Plotting the ventilatory equivalent (VE/VO 2 ) as a function of VO 2 in order to identify the point during exercise where this curve has its minimum value [75, 76, 80, 81] .  The first overproportional increase in the respiratory exchange ratio RER =VCO 2 /VO 2 .  The first increase in the expiratory fraction of O 2 .  The first upward bending changes in the VE versus HR slope during incremental exercise [82] . Anaerobic Gas Exchange Threshold (AnT GE ). The AnT GE represents the maximal workload where production and elimination of lactate are in equilibrium [83] . Thus, at intensities above the individual anaerobic threshold, there is a net and continued accumulation of lactate in muscle and in blood [80, 83] . At this point, an overproportional increase of VE as related to VCO 2 occurs.
Generally AnT GE is determinate:  By plotting VE (y-axis) versus VCO 2 (x-axis). Two regression lines are fitted for the upper and lower part of the relation and their intersection represents the AnT GE. Moreover, the first systematic increase in VE/VCO 2 parameter or the first decrease in the expiratory fraction of CO 2 could be used as alternative indicators.  By the heart rate variability threshold during graded exercise [84] . The reliability of this method has not been assessed for overweight and obese population.  From the second upward bending of the graph representing VE (y-axis) versus VO 2 (x-axis) [85] .
CONCLUSIONS
Physical inactivity, a condition which is commonly seen in overweight and obese individuals, is usually associated with low cardiopulmonary and functional capacities. Recent data demonstrated that both the prevalence of excess of body weight and low cardiorespiratory capacity drastically increase a subject's risk of developing a number of NCDs [62] . Since obesity results from a chronic energy imbalance whereby intake exceeds expenditure, PA plays a pivotal role on body weight management. Public health organizations suggest to perform moderate intensity exercise (aerobic) most, preferably all, days of the week. Since overweight and obese subjects have a low cardiorespiratory capacity and low exercise tolerance, the prescription of the intensity of exercise should be based on the real individual capacity to perform physical exercise. Exercise intensity can be prescribed based upon maximal oxygen uptake (%VO 2max ), maximum heart rate (%HR max ), rate of perceived exertion (RPE). These parameters could be influenced by many physiological and environmental conditions, such as the degree of obesity, psychological aspects, pharmacological therapy. Furthermore, studies showed that the use of these parameters alone, without considering the aerobic gas exchange threshold (AerT GE ), is not sufficient. Moreover, although valid, the mentioned methods do not guarantee that the intensity of exercise coincides with that based on AerT GE , which ensures a fully aerobic intensity and can guarantee that the exercise is performed accordingly to the capacity of each subject. Therefore, AerT GE could be a valid alternative and more appropriate method to prescribe exercise intensity. The AerT GE is defined as the maximum exercise intensity fully supported by aerobic metabolism, representing in general a mild to moderate exercise intensity. Additionally, since the AerT GE is a direct and objective measure of cardiopulmonary capacity, the intensity of the exercise is determined individually according to physical subject's capacity.
In conclusion, there are different manners to evaluate the AerT GE . Although V-slope is a standard gold method, other less expensive methods have been developed. All the parameters used to assess the right exercise intensity for obese and overweight subjects could be used alone or in combination. Considering the benefits to use gas exchange parameters to evaluate the subject's exercise capacity and to prescribe the exercise intensity, we suggest to use the aerobic gas exchange threshold to prescribe aerobic exercise in overweight and obese subjects.
